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Description

TECHNICAL FIELD

[0001] The present embodiments relate generally to
devices and systems for head pose estimation.

BACKGROUND OF RELATED ART

[0002] Userhead pose information has many uses and
applications in various systems and devices that may
interact with a user by providing services, outputting
and/or retrieving information, displaying and/or playing
back media content, and the like. Head pose information
may indicate a position of the user’s head relative to a
point of reference associated with the electronic system
or device. For example, the point of reference may cor-
respond to a camera or image capture device used to
capture an image of the user’s head and/or face, or oth-
erwise detect a presence of the user on behalf of the
electronic system or device. The head pose of the user
may affect how the electronic system or device responds
to user inputs from a particular user.

SUMMARY

[0003] This Summary is provided to introduce in a sim-
plified form a selection of concepts that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claims subject matter, nor is it intended to
limit the scope of the claimed subject matter.

[0004] A method and apparatus for head pose estima-
tion is disclosed. One innovative aspect of the subject
matter of this disclosure can be implemented in a method
of determining a head pose of a user by a sensing device.
In some embodiments, the method may include steps of
detecting a face in an image, identifying a plurality of
points in the image corresponding to respective features
of the detected face, where the plurality of points include
at least a first point corresponding to a location of a first
facial feature, and determining a position of the face rel-
ative to the sensing device based at least in part on a
distance between the first point in the image and one or
more of the remaining points.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present embodiments are illustrated by
way of example and are not intended to be limited by the
figures of the accompanying drawings.

FIG. 1 shows an example environment in which the
present embodiments may be implemented.

FIG. 2 shows a block diagram of a sensing device,
in accordance with some embodiments.
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FIG. 3 shows a block diagram of a head-pose esti-
mation circuit, in accordance with some embodi-
ments.

FIG. 4 shows an example image that can be captured
by a sensing device, in accordance with some em-
bodiments.

FIG. 5 shows another block diagram of a sensing
device, in accordance with some embodiments.

FIG. 6 is an illustrative flowchart depicting an exam-
ple operation for determining a head pose of a user
by a sensing device, in accordance with some em-
bodiments.

FIG. 7 is an illustrative flowchart depicting an exam-
ple operation for determining the pitch of a face in a
captured image, in accordance with some embodi-
ments.

FIG. 8 is an illustrative flowchart depicting an exam-
ple operation for determining the yaw of a face in a
captured image, in accordance with some embodi-
ments.

FIG. 9 is an illustrative flowchart depicting an exam-
ple operation for determining the distance of a face
in a captured image, in accordance with some em-
bodiments.

DETAILED DESCRIPTION

[0006] In the following description, numerous specific
details are set forth such as examples of specific com-
ponents, circuits, and processes to provide a thorough
understanding of the present disclosure. The term "cou-
pled" as used herein means connected directly to or con-
nected through one or more intervening components or
circuits. Also, in the following description and for purpos-
es of explanation, specific nomenclature is set forth to
provide a thorough understanding of the aspects of the
disclosure. However, it will be apparent to one skilled in
the art that these specific details may not be required to
practice the example embodiments. In other instances,
well-known circuits and devices are shown in block dia-
gram form to avoid obscuring the present disclosure.
Some portions of the detailed descriptions which follow
are presented in terms of procedures, logic blocks,
processing and other symbolic representations of oper-
ations on data bits within a computer memory. The inter-
connection between circuit elements or software blocks
may be shown as buses or as single signal lines. Each
of the buses may alternatively be a single signal line, and
each ofthe single signal lines may alternatively be buses,
and a single line or bus may represent any one or more
of myriad physical or logical mechanisms for communi-
cation between components.
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[0007] Unless specifically stated otherwise as appar-
ent from the following discussions, it is appreciated that
throughout the present application, discussions utilizing
the terms such as "accessing," "receiving," "sending,"
"using," "selecting," "determining," "normalizing," "multi-
plying," "averaging," "monitoring," "comparing," "apply-
ing," "updating," "measuring," "deriving" or the like, refer
to the actions and processes of a computer system, or
similar electronic computing device, that manipulates
and transforms data represented as physical (electronic)
quantities within the computer system’s registers and
memories into other data similarly represented as phys-
ical quantities within the computer system memories or
registers or other such information storage, transmission
or display devices.

[0008] The techniques described herein may be imple-
mented in hardware, software, firmware, or any combi-
nation thereof, unless specifically described as being im-
plemented in a specific manner. Any features described
as modules or components may also be implemented
together in an integrated logic device or separately as
discrete but interoperable logic devices. If implemented
in software, the techniques may be realized at least in
part by a non-transitory computer-readable storage me-
dium comprising instructions that, when executed, per-
forms one or more of the methods described above. The
non-transitory computer-readable storage medium may
form part of a computer program product, which may in-
clude packaging materials.

[0009] The non-transitory processor-readable storage
medium may comprise random access memory (RAM)
such as synchronous dynamic random access memory
(SDRAM), read only memory (ROM), non-volatile ran-
dom access memory (NVRAM), electrically erasable pro-
grammable read-only memory (EEPROM), FLASH
memory, other known storage media, and the like. The
techniques additionally, or alternatively, may be realized
at least in part by a processor-readable communication
medium that carries or communicates code in the form
of instructions or data structures and that can be ac-
cessed, read, and/or executed by a computer or other
processor.

[0010] The various illustrative logical blocks, modules,
circuits and instructions described in connection with the
embodiments disclosed herein may be executed by one
or more processors. The term "processor," as used here-
in, may refer to any general-purpose processor, conven-
tional processor, controller, microcontroller, and/or state
machine capable of executing scripts or instructions of
one or more software programs stored in memory. The
term "sensing device," as used herein, may refer to any
device capable of detecting a user of the device and/or
sensing user inputs. Examples of sensing devices may
include, but are not limited to, smart speakers, home au-
tomation devices, voice command devices, virtual assist-
ants, personal computing devices (e.g., desktop comput-
ers, laptop computers, tablets, web browsers, and per-
sonal digital assistants (PDAs)), data input devices (e.g.,
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remote controls and mice), data output devices (e.g., dis-
play screens and printers), remote terminals, kiosks, vid-
eo game machines (e.g., video game consoles, portable
gaming devices, and the like), communication devices
(e.g., cellular phones such as smart phones), media de-
vices (e.g., recorders, editors, and players such as tele-
visions, set-top boxes, music players, digital photo
frames, and digital cameras), and the like.

[0011] FIG. 1 shows an example environment 100 in
which the present embodiments may be implemented.
The environment 100 includes a user 101 and a sensing
device 110. The sensing device 110 may detect a pres-
ence of one or more users (such as user 101) within its
field-of-view (FOV) 102 and may determine a pose or
position of each user’s head relative to the sensing device
110. In some implementations, the sensing device 110
may also detect and respond to user inputs by the user
101 based, at least in part, on the user’s head pose.
[0012] The sensing device 110 includes one or more
sensors 112, a head-pose determination module 114,
and a user interface 116. The sensor 112 may be con-
figured to receive user inputs and/or collect data (e.g.,
images, video, audio recordings, and the like) about the
surrounding environment. Example suitable sensors in-
clude, butare notlimited to, cameras, capacitive sensors,
microphones, and the like. In some aspects, one or more
of the sensors 112 (e.g., a camera) may be configured
to capture images and/or video of the user 101. For ex-
ample, the camera may be configured to capture images
(e.g., still-frame images and/or video) of a scene, includ-
ing any objects within the FOV 102 of the sensing device
110.

[0013] The head-pose determination module 114 may
process the images captured by the sensors 112 to de-
termine a head pose of the user 101. In some embodi-
ments, the head-pose determination module 114 may
estimate the user’s head pose based, at least in part, on
facial landmark information extracted from the images.
The facial landmark information may indicate respective
locations (e.g., pixel locations or coordinates) of one or
more facial features including, but not limited to, the eyes,
mouth, and/or nose. Such facial landmark information
may be extracted from any images containing a near-
frontal view of a user’s face (e.g., where at least the nose
can be seen). In some aspects, the head-pose determi-
nation module 114 may implement one or more neural
network models to infer the presence and locations of
the facial features in a captured image. The neural net-
work models may be trained to recognize human faces,
including characteristic features of each face (e.g., eyes,
mouth, nose, etc.), through deep learning.

[0014] Deep learning is a particular form of machine
learning in which the training phase is performed over
multiple layers, generating a more abstract set of rules
in each successive layer. Deep learning architectures
are often referred to as artificial neural networks due to
the way in which information is processed (e.g., similar
to a biological nervous system). For example, each layer
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of the deep learning architecture may be composed of a
number of artificial neurons. The neurons may be inter-
connected across the various layers so that input data
(e.g., the raw data) may be passed from one layer to
another. More specifically, each layer of neurons may
perform a different type of transformation on the input
data that will ultimately result in a desired output (e.g.,
the answer). The interconnected framework of neurons
may be referred to as a neural network model. Thus, the
neural network models may include a set of rules that
can be used to describe a particular object or feature
such as, for example, a human face.

[0015] In some embodiments, the head-pose determi-
nation module 114 may determine the pose or position
of the user’s head based on relative distances between
the detected facial features. As the pitch of the user's
head increases (e.g., tilts towards the sky), the upper
portion of the face becomes compressed while the lower
portion of the face becomes more pronounced in a two-
dimensional (2D) image. For example, when the user’'s
head is titled back, the pixel distance from the nose to
the mouth may be greater than the pixel distance from
the nose to the eyes. It is also noted that, as the yaw of
the user’s head increases (e.g., turns towards the right),
the right side of the face becomes compressed while the
left side of the face becomes more pronounced in a 2D
image. For example, when the user’s head is turned to
the right, the pixel distance from the nose to one or more
features on the left half of the face may be greater than
the pixel distance from the nose to similar features (e.g.,
due to facial symmetry) on the right half of the face. As-
pects of the present disclosure recognize that the nose
may be used as a point of reference for determining the
user’s head pose.

[0016] The userinterface 116 may provide an interface
through which the user 101 can operate, interact with, or
otherwise use the sensing device 110 or an electronic
system (not shown for simplicity) coupled to the sensing
device 110. For example, the user interface 116 may
include one or more speakers, displays, or other media
output devices. In some embodiments, the user interface
116 may dynamically sense and/or respond to user in-
puts based, at least in part, on the head pose information
generated by the head-pose determination module 114.
In some aspects, the user interface 116 may respond to
user inputs by dynamically updating the display, for ex-
ample, to navigate a graphical user interface (GUI), dis-
play new content, track cursor movement, and the like.
In some other aspects, the user interface 116 may gen-
erate a search query in response to certain user inputs.
[0017] To prevent accidental GUI updates and/or un-
intended searches, the user interface 116 may ensure
that the user 101 is actively engaged with or paying at-
tention to the sensing device 110 before processing user
inputs from the user 101. In some embodiments, the user
interface 116 may determine the attentiveness of the user
101 based, at least in part, on the head pose information
generated by the head-pose determination module 114.
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For example, the user interface 116 may determine that
the user 101 is likely paying attention (and thus intending
to interact with the sensing device 110) if the user 101 is
facing, looking at, or attending to the sensing device 110.
Accordingly, the user interface 116 may sense, process,
orrespond to userinputs only when the user 101 is paying
attention to the sensing device 110.

[0018] As described above, head pose estimation has
many uses and applications in computer vision systems
and devices. For example, many Internet of Things (loT)
systems implement low-power sensors and/or devices
that are also capable of local data processing (e.g., with-
out having to send the data to a server or cloud computing
environment). To satisfy the low power requirement,
many loT devices are configured to operate with limited
or minimal computational complexity. Further, many
head pose estimation techniques are implemented
across a wide range of devices with different cameras
configurations (e.g., from different manufacturers). To
ensure robust performance across myriad devices, as-
pects of the present disclosure provide a head pose es-
timation technique that is camera-agnostic.

[0019] Among other advantages, the present embod-
iments provide a robust approach for head pose estima-
tion without the need for camera calibration. In some em-
bodiments, the head-pose determination module 114
may estimate a user’s head pose without estimating a
translation and a rotation vector of the face with respect
to the camera. More specifically, in some aspects, the
head-pose determination module 114 may estimate a
user’s head pose using only the facial landmark informa-
tion extracted from an image of the user’s face. Accord-
ingly, the presentembodiments do not require knowledge
of the camera’s intrinsic parameters (such as focal length
and the principal point), which may vary across sensing
devices and/or different instances of the same device.
Thus, the present embodiments may be implemented by
any camera-based sensing device with no a priori knowl-
edge of the camera’s intrinsic parameters.

[0020] FIG. 2 shows a block diagram of a sensing de-
vice 200, in accordance with some embodiments. The
sensing device 200 may be one embodiment of the sens-
ingdevice 110 of FIG. 1. The sensing device 200 includes
a camera 210, a neural network 220, a head-pose esti-
mator 230, and a user interface 240. In the embodiment
of FIG. 2, the camera 210 is depicted as part of the sens-
ing device 200. In other embodiments, the camera 210
may be separate from (e.g., coupled to) the sensing de-
vice 200.

[0021] The camera 210 is configured to capture one
or more images 201 of the environment surrounding the
sensing device 200. The camera 210 may be one em-
bodiment of one or more of the sensors 112 of FIG. 1.
Thus, the camera 210 may be configured to capture im-
ages (e.g., still-frame images and/or video) of a scene
within a FOV of the sensing device 200. For example,
the camera 210 may comprise one or more optical sen-
sors (e.g., photodiodes, CMOS image sensor arrays,
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CCD arrays, and/or any other sensors capable of detect-
ing wavelengths of light in the visible spectrum, the in-
frared spectrum, and/or the ultraviolet spectrum).
[0022] The neural network 220 is configured to extract
facial landmark data 202 from the captured images 201.
The neural network 220 includes a user detection module
222 and a feature extraction module 224. The user de-
tection module 222 may detect a presence of one or more
users in the captured images 201. For example, the user
detection module 222 may detect the presence of a user
using any known face detection algorithms and/or tech-
niques. In some embodiments, the neural network 220
may implement one or more neural network models to
generate inferences about human faces in the captured
images 201. In some embodiments, the neural network
models may be trained to identify one or more facial fea-
tures (e.g., eyes, nose, mouth, ears, eyebrows, teeth,
lips, chin, cheeks, beard, moustache, etc.) from 2D im-
ages of a user’s face.

[0023] The feature extraction module 224 may deter-
mine one or more feature vectors from the identified us-
er’s face. Each of the feature vectors may identify a lo-
cation (e.g., pixel location) of a respective facial feature
in the captured image 201. Example feature vectors may
include, but are not limited to, a left-eye vector, a right-
eye vector, a left-mouth vector, a right-mouth vector, and
a nose vector. The left-eye vector describes the location
of the user’s left eye, the right-eye vector describes the
location of the user’s right eye, the left-mouth vector de-
scribes the location of the left portion of the user’s mouth,
the right-mouth vector describes the location of the right
portion of the user's mouth, and the nose vector de-
scribes the location of the user’s nose.

[0024] The head-pose estimator 230 receives the fea-
ture vectors (as facial landmark data 202) from the neural
network 220. The head-pose estimator 230 is configured
to generate head pose data 203 based on the received
feature vectors. In some embodiments, the head-pose
estimator 230 may estimate the user’s head pose based
on relative distances between two or more of the feature
vectors. For example, in some aspects, the head-pose
estimator 230 may determine the pose or position of the
user’s head based on distances from the nose vector to
one or more of the remaining feature vectors. The head
pose estimator 230 may include atleasta pitch estimation
module 232 and a yaw estimation module 234.

[0025] The pitch estimation module 232 determines a
pitch of the user’s head based on the relative distances
between two or more feature vectors. For example, as
the pitch of the user’s head increases (e.g., tilts towards
the sky), the distance from the nose to the mouth may
increase relative to the distance from the nose to the
eyes. On the other hand, as the pitch of the user’'s head
decreases (e.g., tilts towards the ground), the distance
from the nose to the mouth may decrease relative to the
distance from the nose to the eyes. Thus, in some em-
bodiments, the pitch estimation module 232 may deter-
mine the pitch of the user’s head based on the distances
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from the nose vector to each of a midpoint between the
left-eye vector and the right-eye vector and a midpoint
between the left-mouth vector and the right-mouth vector.
[0026] The yaw estimation module 235 determines a
yaw of the user’s head based on the relative distances
between two or more feature vectors. For example, as
the yaw of the user’s head increases (e.g., turns towards
the right), the distance from the nose to a feature on the
left side of the face increases relative to the distance from
the nose to a similar feature on the right side of the face.
On the other hand, as the yaw of the user’s head de-
creases (e.g., turns towards the left), the distance from
the nose to a feature on the left side of the face decreases
relative to the distance from the nose to a similar feature
on theright side of the face. Thus, in some embodiments,
the yaw estimation module 234 may determine the yaw
of the user’s head based on the distances form the nose
vector to each of a midpoint between the left-eye vector
and the left-mouth vector and a midpoint between the
right-eye vector and the right-mouth vector.

[0027] The user interface 240 may control or adjust an
operation of the sensing device 200 based, at least in
part, on the head pose data 203. The user interface 240
may be one embodiment of the user interface 116 of FIG.
1. Thus, the user interface 240 may provide an interface
through which a user can operate, interact with, or oth-
erwise use the sensing device 200 or an electronic sys-
tem (not shown for simplicity) coupled to the sensing de-
vice 200. Forexample, the user interface 240 may include
one or more speakers, displays, or other media output
devices. In some embodiments, the user interface 240
may dynamically sense and/or respond to user inputs
based, at least in part, on the head pose data 203.
[0028] In some implementations, the sensing device
200 may be (part of) a smart speaker. For example, a
user may query the smart speaker for information (e.g.,
recipes, instructions, directions, and the like), to playback
media content (e.g., music, videos, audiobooks, and the
like), or to control various devices in the user's home or
office environment (e.g., lights, thermostats, garage
doors, and other home automation devices). Such que-
ries may be triggered by the user’s voice, for example,
in the form of verbal commands or instructions. To pre-
vent the smart speaker from processing false or acciden-
tal voice queries, the smart speaker may be configured
to listen and/or respond to the user only when the user
is paying attention to the device. In some embodiments,
the smart speaker may determine the attentiveness of
the user based, at least in part, on the head pose data
203.

[0029] Insome otherimplementations, the sensing de-
vice 200 may be (part of) a smart doorbell. For example,
when a visitor approaches a house equipped with asmart
doorbell, the smart doorbell records an image and/or vid-
eo of the visitor and uploads the media to a network or
cloud-based service so that the owner of the smart door-
bell may view the recorded images and/or video. Many
smart doorbells are configured to record the entire scene
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within it's FOV, which may include one or more passers-
by. Due to privacy concerns, the smart doorbell may be
configured to record only the visitor(s) of the house while
obfuscating any faces in the background. In some em-
bodiments, the smart doorbell may determine the faces
to be recorded (e.g., the person facing the doorbell)
based, at least in part, on the head pose data 203.

[0030] Still further, in some implementations, the sens-
ing device may be (part of) a pair of smart glasses. For
example, the smart glasses may provide the user (or
wearer) with a heads-up display (HUD) and/or augment-
ed reality (AR) which includes information about the
scene the user is viewing, which may include person(s)
not facing or interacting with the user. The information is
generated by sending images and/or video of the scene
to a network or cloud-based service. Due to privacy con-
cerns, the smart glasses may be configured to record
only the person(s) facing the user and/or within a thresh-
old distance from the user while obfuscating the faces of
any person(s) the user may not be interacting with. More-
over, in devices designed to aid the visually-impaired,
the smart glasses may be configured to provide the user
with a notification that the person(s) facing the user is
directly in front, to the left, or to the right of the user. In
some embodiments, the smart glasses may determine
the faces to be recorded and/or relative locations of the
faces based, at least in part, on the head pose data 203.
[0031] FIG. 3 shows a block diagram of a head-pose
estimation circuit 300, in accordance with some embod-
iments. The head-pose estimation circuit 300 may be one
embodiment of the head-pose estimator 230 of FIG. 2.
The head-pose estimation circuit 300 includes a number
of midpoint calculators 310(A)-310(D) (or multiple in-
stances of a single midpoint calculator), a number of dis-
tance-to-nose (DTN) calculators 320(A)-320(D) (or mul-
tiple instances of a single DTN calculator), a pitch detec-
tor 330, a yaw detector 340, and a distance detector 350.
[0032] The head-pose estimation circuit 300 is config-
ured to determine a pitch 302, yaw 303, and/or distance
304 of a user’s head relative to a camera based on facial
landmark data 301 extracted from an image captured by
the camera. The faciallandmark data 301 may be inferred
from the image using one or more neural network models
(e.g., as described with respect to FIG. 2). In the embod-
iment of FIG. 3, the facial landmark data 301 is shown
to include a nose vector (ﬁ), a left-eye vector (g,), aright-

eye vector(gr), aleft-mouth vector(ﬁ,), and aright-mouth
vector (Wr). In other embodiments, the facial landmark

data 301 may include fewer or more feature vectors in-
cluding and/or excluding any of those depicted in FIG. 3.
[0033] Each of the feature vectors n, g,, g,, W, and m,

indicates a respective point (e.g., pixel or subsetof pixels)
in the underlying image that is associated with the cor-
responding facial feature. More specifically, each feature
vector may point to a particular location in 2D space. For
example, the feature vectors may be described or rep-
resented by a set of cartesian coordinates (x, y). Thus,
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the vector n may point to a location of the user’s nose,
the vectorg, may point to a location of the user’s left eye,

the vector gf may point to a location of the user’s right
eye, the vector F, may point to a location of a left portion
(e.g., corner) of the user’s mouth, and the vectorﬁrmay

point to a location of a right portion (e.g., corner) of the
user’s mouth.

[0034] Each of the midpoint calculators 310(A)-310(D)
is configured to receive a different pair of feature vectors
(ﬁ, g,, gr, F, and m49) and calculate a midpoint between
them. For example, the first midpoint calculator 310(A)
may calculate a midpoint (c,) between the left-eye vector

—_ 1.— >
€, and the right-eye vector e, (e.g., Ce = ;(6’1 t er)
), the second midpoint calculator 310(B) mayjalculate
a midpoint (c,,) between the left-mouth vector m,and the

C == (T, + T11,)
right-mouth vector m, (e.g., '+ 2 L 7y,

the third midpoint calculator 310(C) may calculate a mid-
point (c;) between the left-eye vectorg, and the left-mouth

_ =+ ),

vector m; (e.g., 2 ), and the fourth

midpoint calculator 310(D) may calculate a midpoint (c,)

between the right-eye vectorgrand the right-mouth vec-
1, —

torﬁr(e.g., r = E(er + mr) ).

[0035] Each of the DTN calculators 320(A)-320(D) is

configured to receive a respective one of the midpoints
(ce, cpy €;, and ¢,) and calculate a distance from the nose

vector n to the respective midpoint. For example, the first
DTN calculator 320(A) may calculate a distance (d,) from
the nose vector n to the midpoint ¢ between the left and
righteyes (e.g.,d,= ||ce-3||2), the second DTN calculator
320(B) may calculate a distance (d,,,) from the nose vec-
tor nto the midpoint ¢, between the left and right portions
of the mouth (e.g., d,,, = [|¢p, - 3||2), the third DTN calcu-
lator 320(C) may calculate a distance (d,) from the nose
vector n to the midpoint ¢, between the left eye and the
left portion of the mouth (e.g., d, = ||c, - 3||2), the fourth
DTN calculator 320(D) may calculate a distance (d,) from
the nose vector nto the midpoint ¢, between the right eye
and the right portion of the mouth (e.g., d, = ||c, - 3||2).

[0036] The pitch detector 330 is configured to deter-
mine the pitch 302 of the user’s head based on the dis-
tances d, and d,,. With reference to the example image
400 of FIG. 4, it can be seen that the distances d, and
d,, have a given ratio when the user is directly facing the
camera or sensing device. As the user tilts his or her
head backward (e.g., pitch increases), the distance from
the nose to the mouth (d,,,) may increase and/or the dis-
tance from the nose to the eyes (d,) may decrease. As
the user tilts his or her head forward (e.g., pitch decreas-
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es), the distance from the nose to the mouth (d,,) may
decrease and/or the distance from the nose to the eyes
(d,) may increase. Accordingly, the pitch 302 can be ex-
pressed as a ratio of the distances d, and d,;:

1
. m

pitch « i +d. 2
[0037] Theyaw detector 340is configured to determine
the yaw 303 of the user’s head based on the distances
d; and d,. With reference to the example image 400 of
FIG. 4, it can be seen that the distances d, and d, have
a given ratio when the user is directly facing the camera
or sensing device. As the user turns his or her head to
theright (e.g., yaw increases), the distance from the nose
to the left side of the face (d;) may increase and/or the
distance from the nose to the right side of the face (d,)
may decrease. As the user turns his or her head to the
left (e.g., yaw decreases), the distance from the nose to
the left side of the face (d)) may decrease and/or the
distance from the nose to the right side of the face (d,)
may increase. Accordingly, the yaw 303 can be ex-
pressed as a ratio of the distances d;and d,:

d;
CX——_
YW S v d, 2

[0038] The distance detector 350 is configured to de-
termine the distance 304 of the user’s head based on the
distances d, d,,, d, and d,. With reference to the example
image 400 of FIG. 4, it can be seen that the combined
distances d,, + d,, and/or d, + d, are approximately pro-
portional to the distance between the user and the cam-
era. As the user moves further from the camera (e.g.,
distance increases), the distance from the eyes to the
mouth (d, + d,;;) may decrease and/or the distance from
the left side of the user’s face to the right side of the user’'s
face (d, + d,) may decrease. As the user moves closer to
the camera (e.g., distance decreases), the distance be-
tween the eyes and the mouth (d, + d,;,) may increase
and/or the distance between the left and right sides of
the user’s face (d, + d,) may increase. However, the pitch
of the user's head may affect the overall distance be-
tween the eyes and the mouth (d, + d,;;) and the yaw of
the user’s head may affect the overall distance between
the left and right sides of the user’s face (d, + d,). Accord-
ingly, the distance 304 can be expressed as proportional
toamaximum of the combined distances d, + d,ord,+ d,:

distance « max(d, + d,,,d; +d,)

[0039] The estimated distance 304 represents a rela-
tive distance (e.g., proportionality) between the user’'s
head and the camera. For example, the distance value
is generally larger when the user is closer to the camera
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and is generally smaller when the user is further away
from the camera. To determine an absolute distance be-
tween the user's head and the camera, the estimated
distance 304 may be multiplied by a scalar quantity as-
sociated with a known distance to the camera. In some
aspects, the scalar quantity may be predetermined by a
manufacturer of the camera and/or sensing device. In
some other aspects, the scalar quantity may be estimat-
ed by a user of the sensing device. Still further, in some
aspects, the scalar quantity may be calibrated during an
operation of the sensing device.

[0040] Forexample,the camera may capture animage
of the user’s head while the user is holding and/or oper-
ating (e.g., touching) the sensing device. Aspects of the
present disclosure recognize that the user’'s head will be
within a threshold distance (e.g., no more than an arm’s
length) of the camera when the user is in contact with
the sensing device. Thus, in some embodiments, the
sensing device may calibrate the scalar quantity using
images acquired while the user is operating the sensing
device. The scalar quantity may be calculated using any
known distance estimation techniques including, but not
limited to, estimations based on ear-to-ear measure-
ments, chin-to-hair measurements, and/or the total area
of the user’s face or head. The scalar quantity may be
further updated (e.g., based on a running average) each
time the camera captures a new image of the user’s head
during a subsequent operation of the sensing device. In
some embodiments, the scalar quantity may be further
used to determine the absolute distance of other objects
and/or features in the captured image (e.g., not just the
user’'s head).

[0041] The head-pose estimation circuit 300 may be
configured to generate fewer or more head pose data
than what is shown in FIG. 3 (e.g., pitch 302, yaw 303,
and distance 304). For example, in some embodiments,
the head-pose estimation circuit 300 may further deter-
mine alocation of the face relative to the camera or sens-
ing device. The location information may be determined
based on the location of one or more of the feature vectors
(n, g,, 3,, ﬁ, and Fr) with respect to the dimensions of
the image 400. Ifthe feature vectors are positioned closer
toward the left edge than the right edge of the image 400,
the user may be located to the right of the camera. If the
feature vectors are positioned closer toward the right
edge than the left edge of the image 400, the user may
be located to the left of the camera. Other head pose
data may also be determined using the feature vectors
(n, g,, g,, ﬁ, and Fr) without deviating from the scope of
this disclosure.

[0042] FIG. 5 shows another block diagram of a sens-
ing device 500, in accordance with some embodiments.
The sensing device 500 may be one embodiment of the
sensing device 200 of FIG. 2 and/or sensing device 110
of FIG. 1. The sensing device 500 includes a sensor in-
terface 510, a processor 520, and a memory 530.
[0043] The sensor interface 510 may be used to com-
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municate with one or more sensors coupled to the sens-
ing device 500. Example sensors may include, but are
not limited to, cameras, capacitive sensors, micro-
phones, and the like. In some implementations, the sen-
sorinterface 510 may be configured to communicate with
a camera of the sensing device 500 (e.g., camera 210
of FIG. 2). For example, the sensor interface 510 may
transmit signals to, and receive signals from, the camera
to capture an image of a scene facing the sensing device
500.

[0044] The memory 530 may also include a non-tran-
sitory computer-readable medium (e.g., one or more non-
volatile memory elements, such as EPROM, EEPROM,
Flash memory, a hard drive, etc.) that may store at least
the following software (SW) modules:

* aface detection SW module 531 to detect a user in
one or more images captured by the camera and
extract facial landmark data from the image of the
user.

¢ ahead-pose estimation SW module 532 to estimate
a pose or position of the user’s head relative to the
camera based on the facial landmark data, the head-
pose estimation SW module 532 further including:

o a pitch estimation sub-module 533 to deter-
mine a pitch of the user's head based on the
facial landmark data;

o a yaw estimation sub-module 534 to determine
a yaw of the user's head based on the facial
landmark data;

o a distance estimation sub-module 535 to de-
termine a distance of the user’'s head based on
the facial landmark data; and

o alocation estimation sub-module 536 to deter-
mine a location of the user’s head based on the
facial landmark data; and

e auserinterface SW module 537 to dynamically con-
trol or adjust an operation of the sensing device 500,
or an electronic system coupled to the sensing de-
vice 500, based atleastin parton the head pose data.

Each software module includes instructions that, when
executed by the processor 520, cause the sensing device
500 to perform the corresponding functions. The non-
transitory computer-readable medium of memory 530
thus includes instructions for performing all or a portion
of the operations described below with respect to FIGS.
6-9.

[0045] Processor 520 may be any suitable one or more
processors capable of executing scripts or instructions
of one or more software programs stored in the sensing
device 500. Forexample, the processor 520 may execute
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the face detection SW module 531 to detect a user in
one or more images captured by the camera and extract
faciallandmark data from the image of the user. The proc-
essor 520 may also execute the head-pose estimation
SW module 532 to estimate a pose or position of the
user’'s head relative to the camera based on the facial
landmark data. Still further, the processor 520 may exe-
cute the user interface SW module 537 to dynamically
control or adjust an operation of the sensing device 500,
or an electronic system coupled to the sensing device
500, based at least in part on the head pose data.
[0046] In executing the head-pose estimation SW
module 532, the processor 520 may further execute the
pitch estimation sub-module 533, the yaw estimation
sub-module 534, the distance estimation sub-module
535, and/or the location estimation sub-module 536. The
processor 520 may execute the pitch estimation sub-
module 533 to determine a pitch of the user’s head based
on the facial landmark data. The processor 520 may also
execute the yaw estimation sub-module 534 to determine
a yaw of the user’s head based on the facial landmark
data. Further, the processor 520 may execute the dis-
tance estimation sub-module 535 to determine a distance
of the user’s head based on the facial landmark data.
Still further, the processor 520 may execute the location
estimation sub-module 536 to determine a location of the
user’'s head based on the facial landmark data.

[0047] FIG. 6 is an illustrative flowchart depicting an
example operation 600 for determining a head pose of a
user by a sensing device, in accordance with some em-
bodiments. With reference for example to FIG. 1, the op-
eration 600 may be performed by the sensing device 110
to determine a pose or position of a user’'s head relative
to the sensing device 110.

[0048] The sensing device may further detect a face
in the captured image (610). The image may include still-
frame images and/or videos captured by a camera in, or
coupled to, the sensing device. For example, the sensing
device may detect the presence of one or more users
using any known face detection algorithms and/or tech-
niques. In some embodiments, the neural network 220
may implement one or more neural network models to
generate inferences about human faces in the captured
images 201. In some embodiments, the neural network
models may be trained to identify one or more facial fea-
tures (e.g., eyes, nose, mouth, etc.) from 2D images of
a user’s face.

[0049] The sensing device also identifies a plurality of
points in the image corresponding to respective features
of the detected face (620). In some embodiments, the
plurality of points may include at least a first point corre-
sponding to a location of the user’s nose. For example,
the sensing device may determine one or more feature
vectors from the identified user’s face. Each of the feature
vectors may identify a location (e.g., pixel location) of a
respective facial feature in the captured image 201. Ex-
ample feature vectors may include, but are not limited to,
a left-eye vector, a right-eye vector, a left-mouth vector,
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a right-mouth vector, and a nose vector.

[0050] The sensing device may then determine a po-
sition of the face relative to the sensing device based, at
least in part, on a distance between the first point in the
image and one or more of the remaining points (630). In
some embodiments, the sensing device may determine
the pitch of the user’s head based on the distances from
the nose vector to each of a midpoint between the left-
eye vector and the right-eye vector and a midpoint be-
tween the left-mouth vector and the right-mouth vector.
In some other embodiments, the sensing device may de-
termine the yaw of the user’s head based on the distanc-
es from the nose vector to each of a midpoint between
the left-eye vector and the left-mouth vector and a mid-
point between the right-eye vector and the right-mouth
vector.

[0051] FIG. 7 is an illustrative flowchart depicting an
example operation 700 for determining the pitch of a face
in a captured image, in accordance with some embodi-
ments. With reference for example to FIG. 3, the opera-
tion 700 may be performed by the head-pose estimation
circuit 300.

[0052] The head-pose estimation circuit may first re-
ceive facial landmark data (710). In some embodiments,
the facial landmark data may include at least a nose vec-
tor (ﬁ), a left-eye vector (g,), aright-eye vector (gr), aleft-
mouth vector (F,), and a right-mouth vector (Wr). Each
of the feature vectors n, g,, g,, F, and Wr indicates a

respective point in the underlying image that is associat-
ed with the corresponding facial feature.

[0053] The head-pose estimation circuit may calculate
a first midpoint (¢,) between the left and right eyes in the
image (720). For example, as shown in FIG. 3, the first
midpoint calculator 310(A) may calculate the midpoint ¢,

between the left-eye vector g, and the right-eye vector gf

1 . —
ce == (e +é€r)
(e.g., 2 )-
[0054] The head-pose estimation circuit may calculate
a second midpoint (c,,,) between the leftand right portions

of the mouth in the image (730). For example, as shown
in FIG. 3, the second midpoint calculator 310(B) may
calculate the midpoint c¢,,, between the left-mouth vector

ﬁ, and the right-mouth  vector Wr (e.q.,

1,5 —
=5 (T} +77)
[0055] The head-pose estimation circuit may further
calculate a distance (d,;) from the nose in the image to

the first midpoint ¢, (740). For example, as shown in FIG.

3, the first DTN calculator 320(A) may calculate the dis-
tance d, from the nose vector 1 to the midpoint ¢, be-

tween the left and right eyes (e.g., d, = ||c, - 3||2).
[0056] The head-pose estimation circuit may also cal-
culate a distance (d,,) from the nose in the image to the

second midpointc,, (750). For example, as shownin FIG.
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3, the second DTN calculator 320(B) may calculate the
distance d,,, from the nose vector n to the midpoint Cm

between the left and right portions of the mouth (e.g., d,

= llcpm - Ally)-

[0057] The head-pose estimation circuit may then de-
termine the pitch of the face based on a ratio of the dis-
tances d, and d,, (760). For example, as shown in FIG.
3, the pitch detector 330 may determine the pitch of the
user’'s head or face by comparing the distance from the
nose to the mouth d,,, with the distance from the nose to
the eyes d,:

, m
pitch « i +d. 2

[0058] FIG. 8 is an illustrative flowchart depicting an
example operation 800 for determining the yaw of a face
in a captured image, in accordance with some embodi-
ments. With reference for example to FIG. 3, the opera-
tion 800 may be performed by the head-pose estimation
circuit 300.

[0059] The head-pose estimation circuit may first re-
ceive facial landmark data (810). In some embodiments,
the facial landmark data may include at least a nose vec-
tor (ﬁ), a left-eye vector (g,), a right-eye vector (gr), a left-
mouth vector (F,), and a right-mouth vector (Wr). Each
of the feature vectors n, g,, g,, F, and Fr indicates a

respective point in the underlying image that is associat-
ed with the corresponding facial feature.

[0060] The head-pose estimation circuit may calculate
a first midpoint (c)) between the left eye in the image and

the left portion of the mouth (820). For example, as shown
in FIG. 3, the third midpoint calculator 310(C) may cal-
culate the midpoint ¢, between the left-eye vector e;and
1.

the left-mouth vectorﬁ, (e.q., €= E (el + ml)‘ ).

[0061] The head-pose estimation circuit may calculate
asecond midpoint (c,) between the right eye in the image
and the right portion of the mouth (830). For example, as

shown in FIG. 3, the fourth midpoint calculator 310(D)
may calculate the midpoint ¢, between the right-eye vec-

tor gr and the right-mouth vector Fr (e.g.,
1, —

Cr = E(er + mr))

[0062] The head-pose estimation circuit may further

calculate a distance (d)) from the nose in the image to
the first midpoint ¢, (840). For example, as shown in FIG.

3, the third DTN calculator 320(C) may calculate the dis-
tance d,from the nose vector nto the midpoint c/between

the left eye and the left portion of the mouth (e.g., d, =
lic; - Allz)-

[0063] The head-pose estimation circuit may also cal-
culate a distance (d,) from the nose in the image to the
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second midpoint ¢, (850). For example, as shown in FIG.

3, the fourth DTN calculator 320(D) may calculate the
distance d, from the nose vector 1 to the midpoint c,be-
tween the right eye and the right portion of the mouth
(e.g., d,=llc,- ll).

[0064] The head-pose estimation circuit may then de-
termine the yaw of the face based on a ratio of the dis-
tances d;and d, (860). For example, as shown in FIG. 3,
the yaw detector 340 may determine the pitch of the us-
er's head or face by comparing the distance from the
nose to the left side of the face d, with the distance from
the nose to the right side of the face d,.

d;
CX——_
YW S v d, 2

[0065] FIG. 9 is an illustrative flowchart depicting an
example operation 900 for determining the distance of a
face in a captured image, in accordance with some em-
bodiments. With reference for example to FIG. 3, the op-
eration 900 may be performed by the head-pose estima-
tion circuit 300.

[0066] The head-pose estimation circuit may first re-
ceive facial landmark data (910). In some embodiments,
the facial landmark data may include at least a nose vec-
tor (ﬁ), a left-eye vector (g,), aright-eye vector (gr), aleft-
mouth vector (F,), and a right-mouth vector (Wr). Each
of the feature vectors n, g,, g,, F, and Wr indicates a

respective point in the underlying image that is associat-
ed with the corresponding facial feature.

[0067] The head-pose estimation circuit may calculate
a first midpoint (c,) between the left and right eyes in the
image (920). For example, as shown in FIG. 3, the first
midpoint calculator 310(A) may calculate the midpoint ¢,

between the left-eye vectorg, and the right-eye vector e,
1. —
Ce = E(el +e;)
(e.g., )-

[0068] The head-pose estimation circuitmay calculate
a second midpoint (c,,;,) between the left and right portions
of the mouth in the image (930). For example, as shown
in FIG. 3, the second midpoint calculator 310(B) may
calculate the midpoint ¢,,, between the left-mouth vector

ﬁ, and the right-mouth  vector Wr (e.q.,

1,—  —
Cm = 5 (71 + 775
[0069] The head-pose estimation circuit may calculate

a third midpoint (c;) between the left eye in the image and

the left portion of the mouth (940). For example, as shown
in FIG. 3, the third midpoint calculator 310(C) may cal-
culate the midpoint ¢, between the left-eye vectorg, and

[ P S—
— =< (el + ml)
the left-mouth vector m; (e.g., 2 ).

[0070] The head-pose estimation circuit may calculate

10

15

20

25

30

35

40

45

50

55

10

a fourth midpoint (c,) between the right eye in the image
and the right portion of the mouth (950). For example, as
shown in FIG. 3, the fourth midpoint calculator 310(D)
may calculate the midpoint ¢, between the right-eye vec-

tor gf and the right-mouth

1, —>

Cr = E(er +mr))

[0071] The head-pose estimation circuit may further
calculate respective distances (d,, d,,, d, and d,) from
the nose in the image to each of the midpoints ¢, ¢, ¢,
and c, (960). For example, as shown in FIG. 3, each of
the DTN calculators 320(A)-320(D) may receive the nose
vector 1 and a respective one of the midpoints ¢, ¢,,, ¢,
and c¢,, and may further calculate a respective one of the
distances d,, d,,,, d, and d, (e.g., d,=||cg - 3||2, dm=llcy
- fll, 0= li6;- nilly, d, = lic,- 7lly).

[0072] The head-pose estimation circuit may then de-
termine the distance of the face based on the greater of
the combined distances d,, + d,,, or d, + d, (970). For ex-
ample, as shown in FIG. 3, the distance detector 350
may determine the distance of the user’s head or face
by comparing the distance between the eyes and the

mouth (d, + d,;;) with the distance between the left and
right sides of the user’s face (d, + d,):

vector m, (e.g.,

distance « max(d, + d,,,d; +d,)

[0073] Those of skill in the art will appreciate that in-
formation and signals may be represented using any of
a variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any com-
bination thereof.

[0074] Further, those of skill in the art will appreciate
that the various illustrative logical blocks, modules, cir-
cuits, and algorithm steps described in connection with
the aspects disclosed herein may be implemented as
electronic hardware, computer software, orcombinations
of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether
such functionality is implemented as hardware or soft-
ware depends upon the particular application and design
constraints imposed on the overall system. Skilled arti-
sans may implement the described functionality in vary-
ing ways for each particular application, but such imple-
mentation decisions should notbe interpreted as causing
a departure from the scope of the disclosure.

[0075] The methods, sequences or algorithms de-
scribed in connection with the aspects disclosed herein
may be embodied directly in hardware, in a software mod-
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ule executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the
art. An exemplary storage medium is coupled to the proc-
essor such that the processor can read information from,
and write information to, the storage medium. In the al-
ternative, the storage medium may be integral to the proc-
€ssor.

[0076] In the foregoing specification, embodiments
have been described with reference to specific examples
thereof. It will, however, be evident that various modifi-
cations and changes may be made thereto without de-
parting from the broader scope of the disclosure as set
forth in the appended claims. The specification and draw-
ings are, accordingly, to be regarded in an illustrative
sense rather than a restrictive sense.

Claims

1. A method of determining a head pose of a user by
a sensing device, comprising:

detecting a face of the user in an image;
identifying a plurality of points in the image cor-
responding to respective features of the detect-
ed face, the plurality of points including at least
a first point corresponding to a location of a first
facial feature; and

determining a position of the face relative to the
sensing device based at least in part on a dis-
tance between the first point in the image and
one or more of the remaining points.

2. Themethod of claim 1, wherein the first facial feature
is a nose and the remaining points correspond to
locations of a mouth or eyes.

3. Themethod of claim 2, wherein the determining com-
prises:

determining a pitch of the face relative to the
sensing device based on a ratio of the distances
between the first point and a pair of points as-
sociated with the mouth and the eyes;
optionally wherein determining the pitch com-
prises:

calculating a first midpoint between the lo-
cation of a left eye and the location of a right
eye;

calculating a second midpoint between the
location of a left portion of the mouth and
the location of a right portion of the mouth;
and

determining the pitch of the face based on
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a ratio of the distances from the first point
to each of the first and second midpoints.

4. Themethod of claim 2, wherein the determining com-
prises:

determining a yaw of the face relative to the
sensing device based on a ratio of the distances
between the first point and a pair of points as-
sociated with the mouth and the eyes;
optionally, wherein determining the yaw com-
prises:

calculating a third midpoint between the lo-
cation of a left eye and the location of a left
portion of the mouth;

calculating a fourth midpoint between the
location of a right eye and the location of a
right portion of the mouth; and
determining the yaw of the face based on a
ratio of the distances from the first point to
each of the third and fourth midpoints.

5. Themethod of claim 2, wherein the determining com-
prises:
determining a distance of the face relative to the
sensing device as a proportion of the distances be-
tween the first point and two or more pairs of points
associated the mouth and the eyes.

6. The method of claim 5, wherein determining the dis-
tance of the face comprises:

calculating a first midpoint between the location
of a left eye and the location of a right eye;
calculating a second midpoint between the lo-
cation of a left portion of the mouth and the lo-
cation of a right portion of the mouth;
calculating a third midpoint between the location
of the left eye and the location of the left portion
of the mouth;

calculating a fourth midpoint between the loca-
tion of the right eye and the location of the right
portion of the mouth; and

determining the distance of the face as a pro-
portion of the distances from the first point to
each of the first and second midpoints or as a
proportion of the distances from the first point to
each of the third and fourth midpoints.

7. The method of claim 6, wherein determining the dis-
tance of the face further comprises:

calculating a first combined distance from the
first point to each of the first midpoint and the
second midpoint;

calculating a second combined distance from
the first point to each of the third midpoint and
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the fourth midpoint; and

determining the distance of the face based on
the greater of the first combined distance or the
second combined distance.

8. Themethod of claim 1, wherein the determining com-

prises:

receiving one or more images of a user while
the user is in contact with the sensing device;
determining a scalar quantity based on the one
or more images of the user; and

determining the position of the face in the re-
ceived image based at least in part on the scalar
quantity.

9. A sensing device, comprising:

processing circuitry; and

memory storing instructions that, when execut-
ed by the processing circuitry, causes the sens-
ing device to:

detect a face in an image;

identify a plurality of points in the image cor-
responding to respective features of the de-
tected face, the plurality of points including
at least a first point corresponding to a lo-
cation of a first facial feature; and
determining a position of the face relative
to the sensing device based at least in part
on a distance between the first point in the
image and one or more of the remaining
points.

10. The sensing device of claim 9, wherein the first facial

1.

feature is a nose and the remaining points corre-
spond to locations of a mouth or eyes.

The sensing device of claim 10, wherein execution
of the instructions for determining the position of the
face causes the sensing device to:

calculate a first midpoint between the location
of a left eye and the location of a right eye;
calculate a second midpoint between the loca-
tion of a left portion of the mouth and the location
of a right portion of the mouth; and

determine a pitch of the face relative to the sens-
ing device based on aratio of the distances from
the first point to each of the first and second mid-
points.

12. The sensing device of claim 10, wherein execution

of the instructions for determining the position of the
face causes the sensing device to:

calculate a third midpoint between the location
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of a left eye and the location of a left portion of
the mouth;

calculate a fourth midpoint between the location
of a right eye and the location of a right portion
of the mouth; and

determine a yaw of the face relative to the sens-
ing device based on aratio of the distances from
the first point to each of the third and fourth mid-
points.

13. The sensing device of claim 10, wherein execution
of the instructions for determining the position of the
face causes the sensing device to:

calculate a first midpoint between the location
of a left eye and the location of a right eye;
calculate a second midpoint between the loca-
tion of a left portion of the mouth and the location
of a right portion of the mouth;

calculate a third midpoint between the location
of the left eye and the location of the left portion
of the mouth;

calculate a fourth midpoint between the location
of the right eye and the location of the right por-
tion of the mouth; and

calculate a first combined distance from the first
midpoint to the first point and from the first point
to the second midpoint;

calculate a second combined distance from the
third midpoint to the first point and from the first
point to the fourth midpoint; and

determine a distance of the face from the sens-
ing device based on the greater of the first com-
bined distance or the second combined dis-
tance.

14. The sensing device of claim 9, wherein execution of
the instructions for determining the position of the
face causes the sensing device to:

receive one or more images of a user while the
user is in contact with the sensing device;
determine a scalar quantity based on the one or
more images of the user; and

determine the position of the face in the received
image based at least in part on the scalar quan-
tity.

15. A system, comprising

a camera configured to capture an image of a
scene; and

the sensing device according to any one of
claims 9 to 14.
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'/

Detect a face in an image
610

'

Identify a plurality of points in the image
corresponding to respective features of the
detected face, including at least a first point

corresponding to a location of a nose
620

'

Determine a position of the face relative to
the sensing device based at least in part on a
distance between the first point in the image

and one or more of the remaining points
630

FIG. 6
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Extract facial landmark data from image
710

Calculate midpoint (c.) between left and
right eyes
720

'

Calculate midpoint (c,,) between left and
right portions of mouth
730

'

Calculate distance (d.) from nose to c,
4

~J

Calculate distance (d,,) from nose to ¢,
0

e (
75

!

Determine pitch of face based on ratio of
d.to d,
760

FIG. 7
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810

!

Calculate midpoint (c;) between left eye
and left portion of mouth
820

!

Calculate midpoint (c,) between right eye
and right portion of mouth
830

'

Calculate distance (d;) from nose to ¢
840

'

Calculate distance (d,) from nose to ¢,
850

!

Determine yaw of face based on ratio of
d.to d,
860

FIG. 8
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Extract facial landmark data from image
910

Calculate midpoint (c.) between left and
right eyes
920

'

Calculate midpoint (c,,) between left and
right portions of mouth
930

!

Calculate midpoint (¢;) between left eye
and left portion of mouth
940

'

Calculate midpoint (c,) between right eye
and right portion of mouth
950

!

Calculate distances (d., d., d;, d,) from
nose to c,, ¢, ¢, ¢,
960

!

Determine distance of face based on
greater of d, + d,, or d; + d,
970

FIG. 9
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